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HLVING DIFFERENT}BLADE SECTIONS
By BLAKE W. CORSON, JR.,and NIGHOLAS NMASTROCOLA

| SUMMARY |

Statio tests were made on four full-scale two~bladed
propellers differing only in blade sectlons, at blade
angles from 0° to 20° at thelthree-quarters radius. Two
of the same propeilers were teéted as three bladed pro=-
pellers, The tests were made outdoors under conditions
of low wind velocity.

The data are analyzed on the basis of a static thrust
figure of merit and by Driggs Simplified Propeller Calcu~
lations, which is a single-point method of reducing pro=
peller data to aipfoil data, Static propeller data are‘reQ
duced to alrfoll data for all of the nropellers tested.
These airfoil data for hhe.two three bladed propellers have
been reconverted to prcpeiler efficiency as a function of
advance ratio for the purpose of compaang the modified NACA

16-series blade sections with the Cladk Y blade section.

The propeller wlth Clark ¥ blade sections ylelds
8lightly higher effilcliency in take-off and climb than the
modified 16-series sections. The propeller with modified

16~series sections mey yield efficiencies higher by 2
or 3 percent than a similar propeller with Glark ¥ sections
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at the high speeds now attainable by some alirplanes,

The double cambered Clark ¥ gives only‘slighfiy‘lbWer
efficlency than the modified lb-series section for high
speed and slightly higher efficiencies for take-off. A
slight increase in the radii of ﬁhe leading and tralling
edges of the modified l6-series sections has little effect

on the bshavior of the sections.

INTRODUCTION

The tééts described in this report constitute one phase
of an investigation described in reference 1 ﬁo check flight
tests made for the purpose of detefmining the relative merits
of the Clark Y and a modified lé-series section. The tests
were made on propellers operating at zero forward velocity,.
Thrust and power were measured at various propeller tip speeds
and blade.angle gsettings. The propeller bladeslused were
Curtiss blades identical in all respects except blade sections.
One set of blades had Clark Y sectlons, another set was made
with double cambered Clark Y sections, and a third set em-
bodied médified NACA lé—serieé sections. The investigation
included tests both on two bladed and three bladed propellers.

As the static test conditiens can not be universally rep-
resentative of conditions of application, the absolute values
obtained from these tests are not highly significant. TheAre—
sults, however, can be very useful for making qualifative C Orl-

parisons of propellers tested under identical conditions.,
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The purpose of this inveatigation was to determine the

relatlve mer1t= of the Clark Y, double cambered Clark Y, dnd

NLCA l6-series propeller qut10n° under VdPled 1oad1n and at

various tip speéeds. The propellers are compared on the bagis
of a static thrust figure of merit. As a further analysis,

use ls made of Driggs Simplified Propeller Calculgtibns,
reference 2, for reducing the propeller characteristics to
guasi airfoil characteristics. The airfoil pelars so ob-
taincdwere then reconverted into the . propeller envelope effi-
cilency as a function of the advance ratio, for two of the
yropellers.

This investigation was made at the request of the Army
Air Corps, iWar Department. The testing was done on the
static test equipment of the propeller-research section of
the National Advisory Committee for Aeronautics at Langley
FPield, Virginia,

DESCRIPTION OF APPARATUS

Test rige- The static propeller-test rig used in this
investigation, located outdoors, was essentially the same
as that described in reference 3. The major difference in
the ret-up is that for the present tests an air-cooled radial
engine furnished the motive power, This engine required a
nacelle larger than that used in the earlier tests and of
somewhat different chape. A photograph of the set-up is.

shown in figure 1, and & schematic diagram in figure 2.

————
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Engilne and nacelle,~ In this series of tests the pro-

peller was driven by a Pratt and Whltney R-13,0 radial air-
cooled engine; The power rating of this engine 1s 550 horse-
power at 2100 rpm. The propeller was driven directly at
crank shaft speed, and was turned up to 2300 rpm at the low-
blade-angle settings. The rotational speed of the engine
and propeller was measured with a condenser tachometer which
was not in error by more than ¥1/2 percent, above 1000 rpm.
The engine éowling-nacelle combination was arranged to
glve as good cooling as wes compatible with relatively low
impedance to the propeller slipstream.

Propellers.- Three sets of Curtiss propeller blades dif- -

fering only in blade section were investlgated. The blades
designated by drawing number J39306-225 euwbodied Clark Y sec-
tions and were tested both as two bladed and three bladed pro-
pellers. Propeller number 1013%6 was macde with doubld cambered
Clark Y secﬁions and was tested only as a two bladed propeller.
ProPeller number 101332 was made with Clark i gections inboard
from the 0,50R station, and with NiCa lb6-series from the 0.70R -
station to the tip. At stations between 0,50R and 0.70R trans-
ition sections from Clark Y to lb-gseries sections were used,
The NACA l6-series sections, described in reference l., have
relatively sharp leading and tralling edges, and have maximum
thickness at the mid-chord stution. Thiey are designed to

work efficiently at high speed by delaying the compressibility
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stall. ?fobéiler number 101332 was designed originally
with seriouély‘modifiéd l6~seri¢s sections... The mocdification
was a large}increése in ﬁhé»leéq%ngvedge”and tfailing edge
radii and a‘corréspohding thickening of the leading and trail-
ing edgeé}': in thié reéort thequrtiSS'design l6-series secd-
tions are designated as the "modified lb-series™ sectilons.
Blades with these sectiéns were tested as a two bladed pro-
peller. After.Being tested these blades were returned to
the factory and the cections from O0.70R to the tip altered
to conform more nearly to the true NACA 1lb6-series shape and
are designated herein as the reworked lb-series sectilon.
These reworked blades were tested both as two bladed and three
bladed propellers. Blade form curves f&r thé three propel-
lers are cshown in figure %. Blacde sections at the 0.70R
are shown in figure L. .Thé cection at the 0.70R rather tlan
tuat at the 0.75R Waé chosen because of the signiflcance of
the 0.70R station in Driggs' method of propeller analysls.
J TESTS

Each test was ﬁade at one blade angle setting. Be-
ginning at about 600.rpm,_the net thrust, torque, and pro-
peller rbtatiohal spéed were measured simultaneously at
various intervals until the highest speed obtainable under
‘2300 rpm was reached. Readings were taken at speed inter-
vals of about 100 rpﬁ at iow speeds, and &t wuch smaller in-

tervals near the top speed. Lach propeller was tested at a
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serles of blade angles from Ov to 20° by intervals of approxi-
mately 2°. The blade angle was measﬁred at three-quarters
radius. Before and after each run the wind velocity was
measured with an anemometer. Tests were made only when the
wind velocity was less than five miles per hour, except in one
or two teste at high blade angles.
RESULTS

The results of the static propeller tests are presented

in terms of conventlonal coefficients;
T

=

Cop -—Ef~z,-thrust coefficient
p n= D

(®:
v
i

Z » power coefficient
p n” D5

e
1

T - AD, effective thrust, pounds

T, tention in propeller shaft, pounds

AD, the force exerted by the propeller slipstream
on the nacelle and struts, pounds

P, 2 " n Q, engine power, foot-pounds per seéond

Q, engine torque, pound - feet

e, maés Genslty of air, s=slugs per cublc foot

n, propeller rotational speed, revolutions per
second

D = ZR, propeller cdiameter, feet

R, propeller tip radius, feet
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C
62 = statlec thrust flgure of merit
P LT o s

M= S Q, tip speed rgtio

c.= speed of sound in air, feet per second
J = V/nD, advance ratio l

vV, air spged,.feet per second

C .
n = 52 J, propeller efficiency
P,

q = 1/2 p V2, dynamic pressure,:pounds per sguare
foot '

L, 1ift, pounds

D, profile drag, pounds

3, area, square feet

o, = E_—LE’ 1ift coefficient

D
q s’

1

profile drag coefficient
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Table I
Descripﬁion of tﬁe'figuféé.

Photograph, static propeller test’r;g,j
Diagram of static thrust and torgue set-up.
Blade form curves.
Propeller blace sections at thg 0.70R.
16. Variation of static thrust and power

coefficients with tié-speéd ratis

and blacde angle. .
20. Static propeller characteristics &s

functions of blade angle. |

Comparisons of static thrust figure

.
N

of merit.
39, Lift and drag coefficients computed from
static propeller charecteristics,
invelope efficiencies computed by Driggéf‘method

from static propeller date.
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DISCUSSION

. In this serles of static propeller tests, mé?e'féf'com-
paring the Clark Y airfoll propeller section with the modi-
fied and reworked lé6-series sections, the indeyeﬁdenf vari-
ables used were blade angle and pfopeller rotatiénal speéd.'
Blade angle was flxed for each test, hence chanées in ﬁroa
peller characteristics during a run must beiattribﬁtabie
only to changing propeller rotational‘speed; AT 1eaé£ three
factors which affect the behavior of the proééller blade sec~
tions are functions of the rotational speed. Of first lm-
portance is the increase with tip-speed ratic of the iHach
number at which the blade sections work, and the chnanges in
blade section airfoil characteristics with lach nﬁmbér. A
secondary effect of increase in rotational speed 1s an in-
crease in the Keynold's number at which the blade sections
work. a third factor, of unknown influence, is the tendency
of the propeller blade to alscard by centrifugal force the
retarded alr composing the boundary layer. Botli of the latter

two factors have a beneficial influence on the performance of:

the blade sections. Even at a tilp speed much below that for
normal operation most of the propeller sections work at values
of the Reynold's number greater than the critical; hence as
the Reynold's number is increased blade seotionrprofile arag
coefficient is reduced and maximuim 1ift coefficient is in-
creased. Centrifugal force may act to remove a part of the

air 1in the boundary layer; this would delay the normal stall.
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Apparently the only advéféé.gfféét accompanying high pro-
peller tip speed 1is due-té the behavior of a;rfoils in compres-
sible flow‘ag the air speed épproéches'thg acoustic velocity.
Wind-tunnel testes, reference 5, have shown that both the 1ift
and drag coefficients of an airfoil incr@asekwith,increasing
Mach‘number until a critical value ig reached.; This value
is believed to be reached when the local air velocity at some
point on the airfoil is equal to the acoustic velocity. AsS
the Mach number 1ls increacsed be&ond the critical value the
1ift coefficlient decreases while the drag coefficient Increases

more rapidly than it coes at subcritical velues of the Mach

number . Cnly the net influence of thie several factors is
measured by static propgeller tecte. Therefore, the adverse

effect of air comprescibility on blade section behavior at high

tip speed, being purtiglly offset by beneficial factors, is

not as fully discerunitle from static propeller tests cs from
wind-tunnel tests on airfoils.

While the tests were - -belng wmads iﬁ was noticcd cduring
each run that the character of thle noise emitted by the engine
and propeller began to change from a roar to a penetrating
note at about 1300 rpm. The propeller dismeter was ten Teet.
This may indicate that the first shock waves are set up at
the propeller tips at a tip speed ratio of about. M = 0.32.
The region of the propeller blade tip producing a shock wave

spreads inwardly as the tip speed ralioc increaces. Since the



- 11 -

highest value of the tip speed ratio obtained in these tests

_was M = 1. OJ, only bhose sectlons at radii- greater than 0.73R

were working at a value of Mach number greater than 0.32.
The effect of compressibility indicated in the figures was
produced In most caéec by a'rélatively small outer,portion
of the prooeller blade

The bas1c pitch distribution for the propeller blades
subject to these tests was about 20° at the three-quarters
radius.' This pitch éistributicn will give highest. propel=
ler efficiencies within & range of advance ratlo between
Jd = 0.75-and J = 1050; A high basic pitch distribution re-
sults in & tendency for a propeller in static tests to yield
less thrust for a given power than a similar propeller with
less blade twicst. It is this fact which discredits the pro-
pellér polars and efficlency curves computed by the single
point method from the results of static tests and confines
fheir usefulness to qualitative compéarisons.

The data presented in the figures have been corrected
for any small mean wind velocity that held during the tests.
The vafiation of étatic thrust coefflicients with tip speed
ratio ehown in fl@ures 5, 7 9, li, 13, and 15 agrees with
the results of wind-tunnel tests on airfoils. The .increas~
ing staﬁic thrust coefficlient with increasing tip speed ratio
indicates that, when blade sections near the tip are working

at positive 1ift, the 1ift coefficients increase with
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increasing Mach number up to a certain point. The lower rate
of ;ncrease of the static thrust coefficlient as tip-speed
ratios approach unity indicates a decrease of the 1ift coef-
ficients of sections near the blade tip as the Mach number at
which they operate approaches unity. The increasing static
thrust coefficients with increasing tip-speed ratio produced
at high blade angles even at low values of the tip~speed ratio
may be partially attributable to Reynold's number effect and
to the beneficial action of centrifugal force in throwing off
dead alr from the stalled region of the propeller .

The variation of static power coeffliclent with tip-speed
ratio shown in figures 6, 8, 10, 12, 1, and 16, also agrees
with wind-tunnel tecte on airfoils. The slight decrease of
the static power coefficients with increasing tip speed ratio
at low values of tie tip-speed ratlio may be due to decreasing
drag coefficients of the blade sections with increasing Reynold's
number. For the blacde settings which yileld positive 1lift near
the tip the gradually increasing power coefficients at tip-
speed ratiocs of about M = 0.7 or M = 0.8 again indicate the
increase of 1lift and drag coefflcients of airfolls Working‘at
Mach numbers below the critical. The charper rise of the
power coefficlents, for all blade settings, as the tip-speed
ratio approaches unity is comparable to the rapid increase of

airfoll drag coefficients as the Mach number approaches unity.



Figures 17 through 28‘afevcfdéé plots of figures 5 to 16,
incluine,-at'tip-SDeediratioq of M = 0.9 and M = 1.0. The
statlic thrust and power cocff101ents and Qtatlc thrust figure
of merit ure shcwn as functions of blade dngle at the three-
~quarters radius. The °lﬂllarltj of thiq danner of present-
ing propeller data Lo aleOll 1ift and drdg coefficients as
functions of angle of attack is pointed out in reference'E.

The relative merits of prdgeller sections may be shown
best by the. comparison of propefties independent of blacde
angle. Flgures 29 through 33 present coderlbons of the
static thrust figures of merit plotted against power coef-
ficient at values of tip-speed ratio of M = 0.5, 0.7, 0.9,
1.0, and 1.1. A study of these figures leads to the follow-
ing generalizaticns: }

(1) There 1g little difference between the behavior of
the reworked lb-secrles sections end that of the modified 16-
series sectlons.

(2) The double-cambered Clark ¥ section gives results
very similar to those for the reworked l6-series sections,
though slightly inferior.

(3) At low tip-speed ratios and under high loading the
single-cambered Clurk Y section is superior to all other sec-
tiones used in thése tests.

(.} At high tip-speed ratios both theimodified and re-

worked lé-series csections are superior to the Clark Y sections.
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(5) Under small load a two-bladed propeller gives more
thrust per horsepower than a three-bladed propeller, but under
high loading the reverse is true.

In actual flight the propeller tip-speed ratlios encountered
most frequently are close to M = 0.9, and at that tip-speed
ratio the data presented here are most reliable. The static
thrust figures of merit in figure 31 for M = 0.9 =show that

over a small range the reworked lb-series section 1g superior

to the other ssctions; the modified 1lb-series section i1s good
over a broader range of power coefficient, the double-~cambered
Clark Y is oniy slightly inferlor to the modified lé6-series
section; and the single-cambered Clark ¥ shows up to advantagé
only at the high values of the power cpefficient. In flgure
%2, at a tip-speed ratio of M = 1.0, both the modified and
reworked lé-series sections show worthwhiie superiority over
the Clark Y sections over the range of power coefficlente ob-
tainable in these tests. In the range of tip-speed ratios
from M = 0.9 to M = 1.0, which is realized in practice at
high altitude, the mean superiority of the lé-serles section
over the single-cambered Clark Y propeller sectlon appears to
be about three percent. he computed propeller 1lift coef-
.ficients corresponding to the range of lb-series superiority
lie between Cp, = 0.3 and Crp = 0.6. At higher 1ift coef-
ficlents obtained during take-off end c¢limb the Clark ¥ pro-

peller section is superior except at very high tip-speed ratios.



- 15 ~

The trend of the curves in figures %1, 32, and %% indicuates
that at very high values of the power coefficient the Clark
Y propeller may be superior to the 16—serieé pggééiier'evén
at high values of the tip-speed ratio.

Such low power was available for the present teste that
high tip-speeds couldAnot be attaihed at high blade angles
and the effect of blade stalling does not show up at high
tip-speed ratios as markedly as at the low tilp-speed ratios
and higher blade angles. In a report by the Curtiss Come-
pany of flight and Wright Field static tests of the subject
propellers, reference 6, the results of tests uging higher
power coefficients are reported. The following values are

teken from this reference.

Blade section Clark Y Clark Y and lb6-series
Thrust/horsepower 3.08 2,73
Percent 100.0 .7 90,0

The foregoing values were obtained with a three-bladed
propeller when Cp = 0.103 and M = 0.d4 in standard air,
and corresgpond to the following values of static thrust figure

of merit and computed propeller 1ift coefticilent:

Blade section Clark Y Clark ¥ and lb-series
Cp/Cp 1.68 : 1.52
Cy, 1.23% 1,11

The above comparison indlcates the superiority of the

Clark Y propeller over the lb-series propeller when operating




- 16 -

at high values of the 1ift poefficient encountered at take-
off rand during climb. This is in agreement with the results
of wind-tunnel tests reported in reference 1.

A similar comparison of three-bladed propellers having
Clerk Y and lé6-series sections is presented in tuble II. The
peak values of the thrust figure .of merit and the corresponding

values of power coefflclent were taken from figures 29 through

55.

Table II
CLARK Y ‘ CLARK Y aND 16-SERIES
M| Cp Op/Cp| Cp |Percent Cp Cp/Cp | Op |Percent
0.5 0.020] 2.751 0.36 97 L 0.017 | 2.85 | 0.32 100
0.7} 0.018] 3.00! 0.35 | 100 0.015 | %.01 | 0,30 100
0.9 0.017} 2.95] 0.33 97 0.018 | %.0% | 0.36 100
1.0{ 0.020| 2.61} 0.3L 92 0,020 | 2.83 | 0.37 100
1.1} 0.030| 1.95] 0.33 1 di 0.029 | 2.32 | 0.1l 100
. I 4

Thisilattef comparison shows that a propeller embodying
l6-series sections will yield about three percent more thrust
than a Clark Y propeller of similar form wuen cperating condi-
tions are such that the blade sections work at 1lift coefficients
between Cp = 0.30 and Cp = 0.0,

The results in table ITI are encouraging in that they indi-

cate the design possibilities of the NaCs lb-series sections.
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The tip sectlions.of propeller No. 101332, identical with

those for propeller No. 1013350, were therreworked 16-series
sections designed to operate best at 1lift coefficients be-
tween Cp, = 0.30 and Cp, = 0.L40. The se design 1ift coeffi-
cients aré given in. reference 7, and are plotted in. figure 3.
The propeller 1lift coefficients for the reworked lb-series
propeller computed from these static teste at peak values of
gtatic thrust figure of merit are bracketed between Cp, & 0.3%0
and Cy = O.Lly, and are practically identical with the design
lift coefficients. In this range of 1lift coefficient values
the reworked lé-series sections are superior to all other sec-
tions used in these tests. ‘Inasmuch as the NACA lb-series
sections can be decigned for best operation at any reasonable
value of the 1lift coefficient, reference L, 1t is reasonable
to believe that a propeller can be made embodyling the NACA 16~
series gections which will be superior to any similar propel-
ler embodying Clark ¥ secticng, when operating conditions are
such that the design 1ift coefficients are realized. The
range of 1lift coefficient values for superior performance of
the NACA lb-series sections extends appreciably in both direc-
tions rrom the design value. It is possible that propeller
No. 101732 would have shown up much better for take-off and
climb with little s=acrifice of efficiency at high speed if

the tip sections had been designed for optimum operation at

higher values of the 1lift coefficient. Further improvement
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in take-off and climbing characteristics may be had by taking
advantage of the good high speed operation of lb-ceries sec-
tions and using higher tip speeds, and by increasing the blade
area.

Propeller efficiency is equal to the product of thrust
figure of merit multiplied by advance ratio, (0 = CT/CP x J).

The wvalue of the thrust figure of merit necessarily decreases

" "as the advance ratio increases. If the rclative values of

the thrust Tigures of merit of the sections do not change with
advance ratio, about ‘three percent greater maximum efficiency
may be expected of a propeller embodylng the reworked lé-series
dectlons than from one made with the single cambered Clark Y
sections, when the ti§~speed ratio is closge to M = 0.9 or

M= 1.0,

In static tests the axial velocity through the propeller
is relatively small. When a propeller 1s in actual operation
advancing at a normal high speed, the blade section resultant
velocity of rotation and advance 1s considerably higher than
the velocity due to rotation alone and consequently the region
of the progeller tip suffering a compressional loss extends
coneiderally farther inboard. The propeller losses at high
tip-speed ratios indicated by static tests will most likely
be exceeded in flight.

The lift and profile drag coefficlents computed by the

method given in reference 2 from statlc propeller characteristics



are prssentcd as polars in [igures n through 299 Tiiege of
necessity yield the same . information as the Qtatlc thrust
figure of merit comparisons, thoagh iﬂ a more famlliar form.'
This method of propeller blade 'section analysis regards the
propeller as an airfoill acting at the seveﬁ-tonths radius
station. For all blade sections the vaiueﬁof the minimum
drag coefficient does not change much in the.intefval of-tip;”w
gpeed ratios from M = 0.5 to M = 0.9, The drag coeffi-
clents increase rapidly with increa51n3 tip-speed ratio when
the value of the. latter exceeds ¥M = 0.9.

The polars in figures 3l to %9, inclusive, do not repre-
sent absolute values of the airfoil characteristics, but are
for comparison only. The unusually large values of the drag
coefficients shown by these polars may be due both to the pro-
peller pitch distribution and to iwpedance to the propeller
slipstream by the cowling and nacelle.

The polars for the three-bladed propellers shown in
figures 35 and %9 have been used in applying Driggs! method
for computing propeller efficlency envelopes. Since the
polars show only relative values, the computedvefficiency
curves likewise can show only relative values. The absoluﬁe
values near maximum efficiency are about eight.porcent lower
than those'obtained in wind-tunnel tests on the suamne propel-
lers with a well streamlined body, reference lf Figuré 1,0

shows a comparison of the computed envelope efficiency curves
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of two three-bladed propellers, numbers 1013%2 and 45506-225,
identical in all respects except blade section. The ascumed
power avallable is that which may be obtained from a 110 horse-
power engine. The 10 foot I inch dlameter propeller is .
assumed to operate at 1500 rpm. In these computations the
actual propeller tip-speed ratio was ured rather than rota-
tional tip~-speed ratio.

Figure L0 presents relative efficiencies at sea level.
Due to the low maximum 1ift coefficients obtainable with the
reworked lb-serics tip cections thie Clark Y propeller is
superior at the low values of adveance ratio encountered during
take-off and climb. At high values of the acvance ratlo where
the blade sections work at lower 1lift coefficlents and wvhere
the effect of compressibility becomes noticeable the propeller
having l6-series sections is wore efficilent. The two pro-
pellers are apparently of equal efficiency at ses level at a
value of the advance ratio of about J = 1.7. At practical
values of the advance ratio above J = 1.7 the lb-series pro-
peller may yield as much as two percent hisher efficiency than
the Clark Y propeller at sea level, and as much as three per-
cent higher at 15,000 feet altitude where greater tip-speed
ratios obtain.

REMARKS
ls For all of the propellers tested the highest value

of the static thrust figure of merit occurred at a tip-speed



ratio between N = 0.7 andtjM:=“O.9§ hence in flight highest
) efficiency may be expected in the same range of tip-speed
ratios. | S o |

2. There is 1little choicé between the reworked lé-series
sections and the modified lé-sefies-séctidﬁ with rounded lead-
ing and trailing edges. Both aré superior to the Clark ¥
sections in the regilon of peak value 6f the thrust figure -
of merit, i.e., under small load.‘

3, The double-cambered Clark Y section is simllar in
behavior to the 1lb-series sections;‘the efficiency is
lower at the peak static thrust figure of merit’ but
higher at relatively high values of the power cosfficient.

li. The propellers having modified and reworked lb-series
blade sections were found to stail at lowér values of the 1lift
coefficient than did the propeller wlth single-cambered -Clark
Y sections, at low valueg of the tip-speed ratio. This
agrees with wind-tunnel tests which indicate the superiority
of the Clark Y propeller fof take~off and qlimb,' On.the basig
of these static tests the superiority of the Clark Y propeller
for take-off and climb holds for values of tip-speed ratio les§
than M .= 0.9. .

5« Envelope propeller efficiencies computed from these
static data indicate that a Clark Y propeller of the design
tested ylelds apprecilably higher effliciency during take-off

and climb than a similar propeller with reworked lé-series




sections. The l6-series propeller shows one or two percent
higher efficiency than the Clark ¥ propeller at high speeds
attainable with airplanes now existent, and a possible greater
gain when used with higher speed airplanes. |

6. It is to be understood that the conclusions reached
from these tests with regard to the l6fseries sections applies
only to sections designed to operate most effectively at 1ift
coefficients between Cp = 0.30 and Cgr, = 0.040.

7. It 1s probable that better take-off and climb opera-
tion codld be obtained from a lbé-series propeller designed to
operate best at higher values of the 1lift coefficient than those
for which the subject propeller was cCesigned.

8. Redesign of the l6-series propeller with greater blade
érea and for higher tip speeds might produce a propeller with
much better take-off characteristics with little sacrifice of
efficiency at high speed.

Langley Memorlal Aeronautlcal Laboratory,

National Advisory Committee for Aefonautlc
Langley Fleld Va., August 27, 1941,
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